Objective: Healthy foetal and infant development is dependent on an adequate maternal supply of essential and polyunsaturated fatty acids (PUFA). While there are published data on the fatty acid status of pregnant women, there are few on the status of non-pregnant women of reproductive age. The aims of this study were to test the hypotheses that the fatty acid status of non-pregnant women is affected by socio-economic status and anthropometric, behavioural and obstetric factors. Design: Observational study Methods: One-hundred and thirty-®ve women of child-bearing age (mean 29.8 y, s.d. 6.92) were invited to provide a blood sample and to answer a questionnaire, of whom 114 were included in the study. Plasma and red cell total fatty acids were measured as their methyl esters by gas chromatography mass spectrometry. Results: On multivariate analyses, use of hormonal contraception was independently associated with lower plasma polyunsaturated fatty acids (difference between means À2.76, 95% con®dence interval (À4.64, À0.88), P 0.0034), whereas cigarette smoking was associated with higher red cell oleic acid (0.74 (0.18, 1.29), P 0.0094). Fish intake was associated with higher red cell total n-3 fatty acids (0.62 (0.27, 0.85), P 0.0014).
Introduction
There is currently considerable interest in the importance of essential (EFA) and polyunsaturated fatty acids (PUFA), their longer-chain, more unsaturated derivatives, in relation to birth outcome and neonatal health (Crawford et al, 1997; Sattar et al, 1998) . PUFA are major structural components of the cell membrane lipid bilayer, and are particularly important for optimal visual and nerve cell development and function (Crawford et al, 1997; Popp-Snijders et al, 1986) .
The developing foetal brain has an obligate demand for PUFA (Innis, 1992) . Maternal stores of PUFA can be depleted in normal pregnancy Holman et al, 1991) , and inadequate maternal and foetal PUFA status has been associated with suboptimal outcomes of pregnancy (Reece et al, 1997; Wang et al, 1991) . Diseases of prematurity, such as intraventricular haemorrhage, bronchopulmonary dysplasia and retinopathy, may also be related to inadequate cell membrane PUFA content (Crawford et al, 1997) . Conversely, elevated maternal n-3 PUFA status is associated with prolonged duration of pregnancy (Olsen et al, 1986 (Olsen et al, , 1991 , and enrichment of breast milk (Makrides et al, 1996) . Evidence suggests that higher infant n-3 status results in enhanced neurodevelopment of infants (Gibson et al, 1997; Makrides et al, 1995) , particularly in those born preterm (Birch et al, 1992) .
The essential fatty acids, a-linolenic acid (18X3n-3) and linoleic acid (18X2n-6), are unsaturated long carbon chain molecules that contain their ®rst double bond at the n-3 and n-6 positions, respectively. They are obtained mainly from plants, because mammals are unable to introduce double bonds into the n-3 or n-6 positions (Dyerberg, 1986) . These EFA are metabolised by chain elongation and desaturation to long chain PUFA containing 20 or more carbon atoms in their respective n-6 (eg arachidonic acid (20X4n-6)), and n-3 families (eg eicosapentaenoic acid (20X5n-3), and docosahexaenoic acid (22X6n-3); Dyerberg, 1986) . Given the developmental importance of PUFA, adequate maternal fatty acid stores at the time of conception are clearly of crucial importance (Wynn et al, 1991) . Current evidence suggests that maternal PUFA status may be in¯uenced by demographic factors, such as socio-economic status (Crawford et al, 1989; Doyle et al, 1990) , but little information is available on the fatty acid status of nonpregnant women. A principal aim of this study was to test the hypothesis that the fatty acid status of nonpregnant women is affected by socio-economic status. In addition, we were interested in whether anthropometric, behavioural and obstetric factors were also relevant to such measures with particular emphasis on the in¯uence of hormonal contraception.
Methods

Subjects
Women from the working population of the West Glasgow Hospitals NHS Trust were invited to participate by departmental advertisements and were drawn from various health care, clerical and ancillary departments. A sample of 135 healthy women, aged 19 ± 45 y, was recruited. Twenty-one women were excluded for the following reasons: consumption of dietary ®sh-oil or vitamin supplements, hormone replacement therapy (Ranganath et al, 1996) or incomplete data collection. Data were recorded on weight, height, residential postcode, cigarette smoking, alcohol intake, ®sh intake, physical exercise, hormonal contraception and past obstetric history (PObH). PObH was de®ned as any con®rmed pregnancy, regardless of outcome or duration. Socio-economic status was de®ned using the Carstairs deprivation scores, a method routinely used in Scotland to measure deprivation based on the post-code of the area of residence (Carstairs & Morris, 1990) . The scores are divided into seven deprivation categories (DEPCAT), from 1 (most af¯uent) to 7 (least af¯uent). We de®ned DEPCAT scores of 1 ± 4 as`not deprived' and DEPCAT scores of 5 ± 7 as`deprived'.
A power calculation indicated that a sample size of 130 subjects would be suf®cient to detect a difference in red cell 22X6n-3 of 0.75% total fatty acids between the deprived and the non-deprived groups (with 65 subjects in each group) with a power of 80% and an assumed common standard deviation of 1.5 at a signi®cance level of 0.05 using a two-sided two-sample t-test.
Blood collection and preparation of samples for lipid analyses A non-fasting venous blood sample (5 ml in potassium EDTA) was obtained at the time of interview. Samples were centrifuged at 550 g for 5 min at room temperature (25 C). Plasma was separated and stored at À70 C. Red blood cells (RBC) were washed three times with 2.5 ml of 0.9% NaCl solution and stored at À70 C. Total lipids were extracted in 2X1 chloroformXmethanol according to the method of Folch et al (1957) and methylated with methanolic-HCl (Sigma-Aldrich, Dorset, UK) at 90 C for 120 min. Fatty acid methyl esters were quanti®ed using gas chromatography mass spectrometry (GC-MS). The GC (Hewlett Packard 5890 Series II) was used in split mode (ratio 20X1) with helium as the carrier gas (BOC, Surrey, UK). The analytical column was a fused silica capillary column (BPX70, length 30 m, internal diameter 0.25 mm and ®lm thickness 0.25 mm; SGE Europe Ltd). GC injector temperature was 250 C. The GC temperature programme was as follows: initial temperature of 140 C for 2 min, increasing by 4 C per min to 200 C, maintained for 6 min, then by 10 C to 240 C, maintained for 6 min. The transfer line between the GC and MS was 280 C. Injection volume was 4 ml. The MS (Hewlett Packard 5972) with electron impact ionisation, was operated in scanning mode.
Statistical methods
Fatty acids from total lipids in RBC or plasma were expressed as a percentage of total fatty acids. For RBC lipids, total monounsaturated fatty acids (MUFA) is identical to 18X1n-9, and is included for completeness only.
Explanatory variables were either continuous (age (y), height (cm), weight (kg), body mass index (BMI, kgam 2 )) or categorical (alcohol intake (YaN), exercise (YaN), ®sh intake (YaN), hormonal contraception (YaN), PObH (YaN) and deprivation (YaN)).
The linear relationships between the continuous explanatory covariates were assessed using Pearson's correlations. To compare the continuous covariates between levels of the categorical factors, two sample t-tests were performed, whilst associations between the categorical factors were assessed using Fisher exact tests. Summary statistics for the explanatory variables were tabulated as mean (standard deviation) for continuous covariates, and number of subjects (%) for categorical. For each of the plasma and RBC fatty acids, mean (AE 2 s.d.) were tabulated after checking that the distribution of each fatty acid was approximately normal.
Univariate linear regression analyses were performed to assess the effects of the explanatory variables on plasma and RBC fatty acids. The units of change for the continuous covariates were expressed as approximately 1 s.d. (age 5 y, height 10 cm, weight 10 kg, and BMI 5 kgam 2 ). The joint effect of the explanatory covariates together was evaluated using stepwise multivariate linear regression analyses, with P-to-enter and P-to-remove both 0.01.
The aim of the study was two-fold: ®rst, to provide information on the fatty acid status of women of reproductive age; and second, to explore potential associations between the socio-economic, anthropometric, behavioural and obstetric factors and fatty acids in these subjects. For the second aim, the problem arises of multiple comparisons. Some of these associations reported here have previously appeared in the literature (eg, on total polyunsaturated fatty acids), and so would legitimately be tested without adjustment, whereas many others are being reported for the ®rst time, in an exploratory way to possibly generate hypotheses for future studies. It was decided to make no formal adjustment for multiple comparisons, and so all P-values presented are unadjusted, with all associations calculated tabulated with 95% con®dence intervals. However, we did use a level of statistical signi®cance of 0.01 throughout, which, although not directly addressing the problem of specifying the exact nature of the multiple comparisons problem, does give some protection against overinterpreting the data (against the usual 0.05 level). However, in a study of this size and with this number of tests of signi®cance performed, the reader should treat all interpretations of statistical signi®cance cautiously.
Ethical considerations
The study was undertaken in accordance with the Helsinki Declaration of 1975, as revised in 1983, with the approval of the hospital's Ethics Committee, and informed consent was obtained from all participants.
Results
Characteristics of the study population
One-hundred and fourteen women were included in the study. The mean age was 29.8 (s.d. 6.9) y, weight 61.9 (13.8) kg, height 1.63 (0.07) m and BMI 24.0 (5.03) kgam 2 . The study population included 29 (25%) cigarette smokers, 81 (71%) women who drank alcohol, 45 (39%) women on hormonal contraception, 81 (71%) women who undertook physical exercise, 74 (65%) women who ate ®sh, 31 (27%) who were parous, and 61 (54%) who were deprived.
When compared with those in the nulliparous group, parous women were older (8.6 (6.2, 11.0), P`0.001). Users of hormonal contraception were signi®cantly younger than non-users (À4.7 (À7.2, À2.2), P 0.0003). Parous women, compared with non-parous women, took less exercise (48% vs 80% P 0.0021). There were no other associations between the explanatory covariates signi®cant at the 0.01 level.
Fatty acid values
The mean and two standard deviations of the individual fatty acids, their sums and ratios are shown in Table 1 . There were several statistically signi®cant associations (at the 0.01 level) between plasma and RBC fatty acids and the continuous explanatory covariates. An increase in age of 5 y was associated with decreases ofÀ0.11 (P 0.002) and À0.019 (P 0.0014) in RBC adrenic acid (22X4n-6) and RBC docosapentaenoic acid ((Osbond), 22X5n-6), respectively. An increase in weight of 10 kg was associated with an increase in plasma oleic acid (18X1n-9) of 0.522 (P 0.0063) and an increase in total monounsaturated fatty acids (MUFA) of 0.7 (P 0.0027). There were no associations signi®cant at the 0.01 level found between change in either height or BMI and any plasma or red cell FA.
There were several univariate associations between the categorical explanatory variables for both plasma and RBC fatty acids signi®cant at the 0.01 level. Hormonal contraception (Table 2) was associated with greater concentrations of plasma palmitic acid (16X0) by a magnitude of 2.53 (P`0.0001), total plasma saturated fatty acids (SFA) by 1.67 (P 0.0008), RBC 16X0 by 1.18 (P`0.0001), RBC 22X4n-6 by 0.24 (P 0.0056) and RBC 22X5n-6 by 0.07 (P`0.0001), compared to those who were not taking hormonal contraception. Similarly, in individuals taking hormonal contraception plasma 18X0 was observed to be lower by a magnitude of À0.86 (P`0.0001), plasma 20X5n-3 by À0.21 (P`0.0001), plasma total n-6 by À2.46 (P 0.0083), plasma total unsaturated by À1.64 (P 0.0009) and total PUFA by À2.76 (P 0.0034), compared to those who were not taking hormonal contraception. Furthermore, in these women RBC 18X0 was lower by a magnitude of À0.97 (P`0.0001), RBC 20X5n-3 by À0.11 (P 0.0008), and 22X5n-3 (Clupanodonic) by À0.33 Fatty acid status C Berry et al (P`0.0001). In smokers, RBC 18X1n-9 was 0.74 (P 0.0094) greater, compared to those who did not smoke. Among those taking exercise, RBC 18X0 was found to be À0.6 (P 0.0048) lower, compared to those who were not taking exercise. In ®sh eaters, concentrations of RBC 22X6n-3 were observed to be greater by a magnitude of 0.56 (P`0.0001), total n-3 by 0.62 (P 0.0014), and the ratio of n-6 to n-3 by À0.48 (P 0.0024), compared to non-®sh eaters. There were no associations signi®cant at the 0.01 level found between any of the plasma or red blood cell fatty acids for social deprivation, alcohol or obstetric history, nor for smoking, exercise or ®sh intake for the plasma fatty acids. Although not attaining the level of chosen signi®cance of P`0.01, DECPAT tended to be associated with lower plasma 20X5n-3 (difference in means À0.11, 95% con®dence interval (À0.21, À0.01), P 0.039) and RBC 20X5n-3 (À0.08 (À0.15, À0.01) P 0.025). Table 3 gives the results of the stepwise multivariate analyses to explore the joint effect of covariates on the fatty acids. The only fatty acid components which had more than one variate jointly signi®cantly associated were two of the red blood cell fatty acids, 18X0 (contraception and exercise) and 18X1n-9 (smoking and exercise). Otherwise the only signi®cant associations were the individual signi®cant univariate associations found in Tables 2 and 3 .
Discussion
We have reported data on the range of the fatty acids of plasma and RBC total lipids of 114 healthy women of reproductive age and the socio-economic, anthropometric, behavioural and obstetric factors associated with them in this population. This is clinically relevant as earlier studies have suggested important differences in unsaturated fatty acids between men and women (Schmuck et al, 1998; Sera et al, 1994) and have implicated n-3 PUFA as a factor which affects pregnancy outcomes (Popp-Snijders et al, 1986) and neonatal development (Holman et al, 1991) . These data may therefore facilitate the rational design of further studies on PUFA metabolism and supplementation in pregnancy.
The strengths of this study include measurement of a comprehensive range of plasma and red cell fatty acids in a relatively large group of women. In addition, the consideration of the relevance of anthropometric measures and hormonal contraception to such factors is unusual. Finally, the study analysis is robust since only associations stronger than P`0.01 were considered signi®cant.
Studies of dietary fat and RBC phospholipid fatty acid composition con®rm that RBC fatty acid content may accurately re¯ect dietary fat intake for seven days before (Romon et al 1995 ), or longer (von Schacky et al, 1985 . Adipose tissue obtained by needle biopsy is also an informative method for obtaining data on fatty acid pro®les from humans (Cunnane et al, 1999) . Comparison with other studies on fatty acids of total lipids in non-pregnant women are dif®cult, due to differences in both population demographics (Babin et al, 1999) and methods of analyses. Schmuck et al (1998) studied an elderly and hospitalised population (mean age 86 y), and Wang et al (1991) reported their results as mgal of total fatty acids. Data shown are the changes in the response for the presence of the stated attribute, with an approximate 95% con®dence interval. **P`0.01; ***P`0.001.
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An important ®nding was the relationship between certain fatty acids and the use of hormonal contraception. Such contraceptive use was associated with an increase in 16X0 (both plasma and RBC), plasma total saturates and plasma n-6 LCPUFA and a decrease in both plasma and RBC 20X5n-3 and plasma total PUFA. Hormonal contraception is known to be associated with altered plasma lipid pro®les (Godsland et al, 1990) ; our results are expressed as a percentage of fatty acids of total lipids and may therefore be independent of any effect of exogenous sex steroids on plasma lipid pro®les. Our report of the potential adverse effects of hormonal contraception on fatty acid status by increasing some saturated fatty acids and decreasing other unsaturated fatty acids is in keeping with earlier work by Aznar et al (1986) , although in this smaller study fatty acids were measured in plasma and platelets but not in red cells. Interestingly, associations in fatty acids noted in our women in relation to hormonal contraception, obesity and exercise history may all be pertinent to the relationship of such factors with insulin sensitivity (Clifton & Nestel, 1998) .
Fish (in particular marine ®sh) have a high content of n-3 PUFA. This observation is also in keeping with other reports of increased plasma and RBC PUFA levels associated with habitual dietary ®sh intake (Bonaa et al, 1992) . Alcohol intake affected neither saturated nor unsaturated Data shown are the changes in the response for the presence of the stated attribute, with an approximate 95% con®dence interval. **P`0.01; ***P`0.001.
Fatty acid status
C Berry et al fatty acids. Cigarette smoking was associated with increased RBC 18X1n-9. Differences in FA status between cigarette smokers and non-smokers have been previously reported (Pawlosky et al, 1999) , and may be due to an inhibitory effect of tobacco, or its metabolites, on EFA metabolism (Simon et al, 1996) . The negative effect of cigarette smoking on PUFA stores may be one further mechanism by which cigarette smoking promotes vascular disease. Our ®ndings for smoking, but not alcohol, agree with those of Simon et al (1996) , who found independent effects for both alcohol and smoking on the serum fatty acids of men. Taken together with other studies in pregnancy (Smuts et al, 1999) , our results suggest that maternal alcohol and tobacco use should be considered when infant fatty acid status and development are evaluated. We found a number of associations between plasma and RBC fatty acids and several socio-economic and lifestyle factors which, although they did not reach statistical signi®cance at the 0.01 level, did so at the 0.05 level and have been previously discussed in the literature. In particular, deprivation tended to be associated with lower plasma 20X5n-3 (difference in means À0.11, 95% con®dence interval (À0.21, À0.01, P 0.039) and RBC 20X5n-3 (À0.08 À0.15, À0.01), P 0.025). We also found that cigarette smoking was associated with a trend to decreased RBC PUFA (À0.65 (À1.29, À0.01), P 0.044) These observations are in accordance with earlier reports in pregnancy, in which depleted maternal EFA stores have been associated with low socio-economic class and poor maternal diet in pregnancy (Doyle et al, 1990) , and adverse birth outcomes (Wynn et al, 1991) . Taken together, these ®ndings suggest that women in low socio-economic groups, who have poor dietary intakes of EFA and PUFA, may be predisposed to low maternal EFAaPUFA reserves in pregnancy. This may in turn be related to the higher prevalence of poor birth outcomes (eg low birthweight babies) in lower socioeconomic groups. The association with deprivation and lower plasma concentrations of certain PUFA may have wider clinical relevance as low PUFA body stores may contribute to the increased risk of adult cardiovascular morbidity and mortality (Kromhout et al, 1985) . These relationships also support the ®ndings of Barker et al (1993) , who suggested that impaired materno-foetal nutrition in pregnancy may lead to intra-uterine growth retardation. Furthermore, this group also demonstrated that individuals who had a low birth weight have an increased risk of cardiovascular disease in adult life.
In summary, we have reported plasma and RBC FA values from healthy, non-pregnant women of reproductive age. These data may be useful for future studies of FA metabolism in women. We have also reported lower total plasma PUFA in those taking hormonal contraception and possible suggestions of a trend towards a lower plasma PUFA in the deprived, and lower RBC PUFA in smokers. Such adverse effects on saturated and PUFA pro®les provide further information on how these environmental risk factors may predispose women to adverse outcomes in pregnancy and impaired infant development.
